which we studied flow through woodlands (20 to 90% of the soil area) (37) or peatlands (3 to 80% of the drainage area) (30). Of the surrounding land, a maximum of 25% is cultivated. The most common soil type is moraine. In the westernmost coastal area, there are also clay and silt soils containing sulfides and acid sulfates. The bedrock of the belt contains mainly granitoids and mica schists, as well as some local mafic volcanic and plutonic rocks.
Environmental mycobacteria, which are also called atypical mycobacteria or mycobacteria other than Mycobacterium tuberculosis, are acid-fast bacteria that are related to tuberculous bacilli (M. tuberculosis). They are common saprophytes in all natural ecosystems (14) . However, some species are also pathogenic to humans or animals, causing a disease similar to tuberculosis (5, 16, 32, 42) . Infections caused by mycobacteria other than M. tuberculosis are considered to be environmentally derived.
The numbers of isolations of environmental mycobacteria from clinical samples are increasing in industrialized countries (6, 17, 41) , and new potentially pathogenic species have been detected recently (40) . The ecology of mycobacteria is poorly understood, and the reasons for their increased numbers in clinical samples and the appearance of new pathogenic species are unknown. Low pH values of culture media are known to enhance the growth (19, 34) and detection (18) of environmental mycobacteria. In the environment, mycobacteria have also been found more frequently under acidic conditions (4, 21, 26) . More information about the effects of pH and other environmental factors on the occurrence of mycobacteria is needed to determine whether acidification of the environment could explain the observed increases in numbers of nontuberculous mycobacterial infections. In this study, the relationship between occurrence of environmental mycobacteria and several environmental factors was examined in Finnish brook waters.
MATERIALS AND METHODS Study site. The study site was a 550-km-long linear belt crossing Finland at 630 north latitude (Fig. 1) ; in this study site we examined 53 drainage areas that are situated in rural regions (2 to 20 inhabitants per km2) (31) where the main source of livelihood is agriculture. Each drainage area examined covered a region that is 10 to 50 km2. The brooks * Corresponding author. which we studied flow through woodlands (20 to 90% of the soil area) (37) or peatlands (3 to 80% of the drainage area) (30) . Of the surrounding land, a maximum of 25% is cultivated. The most common soil type is moraine. In the westernmost coastal area, there are also clay and silt soils containing sulfides and acid sulfates. The bedrock of the belt contains mainly granitoids and mica schists, as well as some local mafic volcanic and plutonic rocks.
Sampling. Water samples were collected at the outlet of each drainage area, where the brook was 2 to 5 m wide. A total of 53 water samples (500 ml for microbiological analyses and 600 ml for geochemical analyses) were collected directly into polyethylene flasks from the surfaces of the brooks. The samples were collected in June and July 1990 and were stored at 4'C until they were processed (mean, 36 days; standard deviation, 6.8 
days).
Climatic data. The local precipitation data were the cumulative precipitation data for the 3 days and 2 and 3 weeks preceding each sampling. Cultivation for heterotrophic bacteria. The numbers of heterotrophic bacteria were determined by using R2A medium (Difco Laboratories, Detroit, Mich.) (35) . The Method A was a modification of the decontamination technique described by Beerwerth (2) . A sample concentrate (5 ml) was first treated with 10 ml of 1 M NaOH for 20 min. After centrifugation at 8,600 x g and 4°C for 15 min in a Sorvall model RC-5B centrifuge (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.), the resulting sediment was treated with 5 ml of 5% (wt/vol) oxalic acid for 20 min. The centrifuged sediment was neutralized with 30 ml of sterile distilled water, centrifuged again, and resuspended in 0.7 ml of sterile distilled water. In method B, instead of being treated with NaOH and oxalic acid, 5 ml of a sample concentrate was treated with 5 ml of 2 M H2SO4 and 0.7 ml of cycloheximide (8 mg/ml) for 30 min. Otherwise, the steps of this procedure were the same as the steps in method A.
The following four types of egg media were used: (i) egg medium supplemented with glycerol (pH 6.5); (ii) egg medium supplemented with glycerol and adjusted to pH 5.5; (iii) egg medium supplemented with pyruvate (pH 6.5); and (iv) egg medium supplemented with pyruvate and adjusted to pH 5.5 (18) . All media contained 0.5 mg of cycloheximide per ml. Two parallel slopes of each medium in sealed 30-ml universal containers (Sterilin GSUC/Z/C containers) were inoculated with 50-,ul portions of the resuspended sediment, and the resulting preparations were incubated for 6 months at 30°C. Additional tubes of the media at pH 5.5 were also incubated at 42°C.
At each reading (readings were performed at 4-to 5-week intervals), newly detected colonies were checked for acid fastness by Ziehl-Neelsen staining. Acid-fast colonies were subcultured for identification studies to be performed later. The concentration of mycobacteria in a sample was calculated as the average number of acid-fast colonies obtained with the two decontamination methods.
Statistical analyses. The results were analyzed by Spearman rank correlation analyses and stepwise linear multipleregression analyses (SPSS/PC+ for the PC/XT/AT; SPSS Inc., Chicago, Ill.). Before the multiple-regression analyses, the variables were transformed logarithmically, if necessary, to obtain normal distributions.
RESULTS
Environmental and climatic data and physical and chemical characteristics of water samples. As shown in Table 1 (Table  2) .
Bacteriological characteristics of the brook waters. Mycobacteria were isolated from all 53 samples. Among the strains isolated there were both rapidly and slowly growing species. In cultures grown at 30°C, the concentrations of mycobacteria varied from 10 to 2,200 CFU/liter (mean, 618 CFU/liter; standard deviation, 603 CFU/liter). More than 103 CFU/liter was detected in 12 (23%) of the samples (Fig. 2) . In five (9%) of the samples mycobacteria were also isolated by incubating the preparations at 42°C. The counts obtained from incubations at 30°C were used for statistical analyses.
There was distinct geographical variation in the occurrence of mycobacteria (Fig. 3C) . Large numbers were found in a limited area at the eastern end of the belt, as well as in a VOL. 59, 1993 on August 27, 2017 by guest http://aem.asm.org/ Downloaded from (Fig. 3D) . Correlations between bacteria and environmental, climatic, and water characteristics. The occurrence of mycobacteria correlated positively (P < 0.001) with the presence of peatlands ( Fig. 3 and Table 3 ), 3-week precipitation data, water color, COD, and the presence of some metals (Fe, Al, Cu, Co, and Cr) ( Table 3 ) and negatively (P < 0.001) with water pH (Fig. 3 and Table 3 ). A linear multiple-regression model in which the presence of peatlands, COD, the concentration K, and pH were used as independent variables explained 83% of the variation in the numbers of mycobacteria in the brook waters tested (Table 4) .
There was a positive correlation between the numbers of mycobacteria and the numbers of other heterotrophic bacteria (Table 3) . Both of these values also correlated similarly with values of several chemical variables, including water color, COD, and concentrations of metals (Table 3) . However, there was a distinct difference in the correlation of these values with water pH. In contrast to mycobacteria, which exhibited a negative, highly significant correlation with water pH, the counts of the other heterotrophic bacteria did not correlate with pH. The mycobacteria and the other heterotrophic bacteria also differed in their correlations with precipitation data (Table 3) . DISCUSSION The frequency of isolation of mycobacteria (100% of the samples) in our study was higher than the frequency of isolation from water environments reported previously (9, 13, 15) . The laboratory techniques used may partially explain our high yield. Our membrane filtration technique enabled us to enumerate mycobacteria even in samples containing low counts of these bacteria. On the other hand, the two procedures used for decontamination and acidified medium modifications may have allowed growth of more mycobacterial species, some of which may be sensitive to alkaline treatment or may grow only in media supplemented with pyruvate or glycerol (18, 19) .
Previous observations have shown that the occurrence of mycobacteria in the environment varies geographically (4, 9). Our results suggest that variation in surface waters is due to the association of mycobacteria with hydrogeochemical characteristics of the drainage areas.
Peatlands may enhance the occurrence of mycobacteria in brook waters in several ways. First, peatlands can be a reservoir from which runoff disperses mycobacteria to the environment (23). Kazda (22) (21, 26) . Previous studies have also indicated that mycobacteria benefit from acidity in growth media (18, 34) .
About 60% of the peatlands in Finland (6.3 x 106 of the 10.4 x 106 ha) have been ditched and drained, mainly for forestry (27) . Ditching changes the runoff conditions and may influence the quality of brook waters. Judging by the numbers of mycobacterial isolations from respiratory specimens, colonization of the respiratory tract by mycobacteria has increased at least fivefold in Finland from 1975 to 1990 (20) (i.e., during a period of intensive draining of peatlands) (33) . The possibility that such widespread environmental manipulation has influenced the increase in clinical isolations of mycobacteria to some extent cannot be excluded. In our material, the highest mycobacterial count (2,200 CFU/liter) was obtained in a brown-colored brook flowing from a peat-harvesting area where ditches were being dug at the time of sampling.
High organic matter contents in waters also favored the overall occurrence of heterotrophic bacterial flora, which explains the positive correlation between the presence of mycobacteria and the presence of other heterotrophic bac- (26) and groundwater studies (28 (about 1 to 32°C) in the study of Kirschner et al. Our samples were collected during a rather short period in summer when water temperatures varied from 11 to 19°C. In these areas, the water only occasionally reaches temperatures over 20°C, which most mycobacterial species require for replication (39) . However, Kazda (25) has shown that temperatures Our results show that several environmental factors affect the occurrence of mycobacteria in brook waters. The regression model, which included the percentage of peatland in the drainage area, COD, potassium concentration, and pH as independent variables, emphasized the importance of acidity and organic matter for the occurrence of mycobacteria. Potassium is a common element in acidic granitoid and mica schist rocks. The presence of this element in the model indicated that the mineralogy of the drainage area also affected the occurrence of mycobacteria. In this study, high concentrations of mycobacteria were found in areas where acidic sulfide soils are common. More studies will be needed to draw conclusions about the effect of environmental acidification on the occurrence of mycobacteria, especially potentially pathogenic species. However, our results indicate that acidic waters with high organic matter contents are potential sources of mycobacteria. Such waters are common at northern latitudes, where the most extensive peatlands in the world occur (12) .
